Thrombin activates endothelial cell signaling by cleaving the protease-activated receptor-1 (PAR1). However, the function of the apparently nonsignaling receptor PAR3 also expressed in endothelial cells is unknown. We demonstrate here the crucial role of PAR3 in potentiating the responsiveness of PAR1 to thrombin. We tested the hypothesis that PAR1/PAR3 heterodimerization and its effect in modifying G protein selectivity was responsible for PAR3 regulation of PAR1 sensitivity. Using bioluminescent resonance energy transfer-2, we showed that PAR1 had comparable dimerization affinity for PAR3 as for itself. We observed increased G␣13 coupling between the PAR1/3 heterodimer compared with the PAR1/1 homodimer. Moreover, knockdown of PAR3 moderated the PAR1-activated increase in endothelial permeability. These results demonstrate a role of PAR3 in allosterically regulating PAR1 signaling governing increased endothelial permeability. Because PAR3 is a critical determinant of PAR1 function, targeting of PAR3 may mitigate the effects of PAR1 in activating endothelial responses such as vascular inflammation.
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signal transduction ͉ thrombin ͉ endothelium ͉ functional selectivity ͉ G protein T hrombin generation during thrombosis contributes to the pathophysiology of multiple thrombosis-related diseases such as acute lung injury resulting increased endothelial permeability (1), vascular inflammation (1, 2) , and edema formation (for recent reviews, see refs. 3 and 4). These complications are the result of thrombin activation of protease-activated receptor-1 (PAR1) (5) . Cleavage of the extracellular N terminus of PAR1 initiates signaling (6) by the concomitant activation of heterotrimeric GTP-binding proteins G␣ q and G␣ 12/13 (7) (8) (9) . The mechanisms by which PAR1 selectively activates G protein signaling remain unknown. Because the nonsignaling receptor PAR3 is also expressed in endothelial cells (10) , we surmised that PAR1 and PAR3 are capable of interacting in such manner as to regulate PAR1 signaling. We found that PAR3 directly dimerizes with PAR1 to induce a specific PAR1/G␣ 13 -binding conformation that favors G␣ 13 activation. We propose a model of PAR1 activation involving the interaction with PAR3, which alters the selectivity of PAR1 for G␣ 13 coupling and promotes endothelial barrier dysfunction. PAR3 functions as an essential allosteric modulator of PAR1 signaling through PAR1/3 dimerization and favors a distinct G␣ 13 -activated downstream pathway.
Results

PAR3 Knockdown in Endothelial Cells Shifts the Potency of Thrombin
Activation of PAR1. Endothelial cells express PAR1, -2, and -3, but not PAR4 (10) , and of these only PAR1 and PAR3 are thrombinsensitive (11) . To address whether PAR3 alters thrombin signaling in endothelial cells, siRNA knockdown was used to reduce thrombin receptor expression in human pulmonary artery endothelial cells (HPAECs). PAR1 and PAR3 suppression was determined by semiquantitative RT-PCR. siRNA against PAR3 did not affect PAR1 expression, whereas it reduced PAR3 expression 8-fold. Conversely, siRNA against PAR1 only modestly affected PAR3 expression, whereas it suppressed PAR1 expression 9-fold [supporting information (SI) Fig. 6 ]. We next determined the effects of altered receptor expression by using two functional outputs: (i) intracellular calcium mobilization ([Ca 2ϩ ] i ) and (ii) endothelial barrier dysfunction. Thrombininduced (0.1-10.0 nM) increase in [Ca 2ϩ ] i was assessed in knockdown HPAECs. PAR1 knockdown showed a marked reduction in maximal peak height, whereas PAR3 knockdown did not (Fig. 1A) . The lack of effect of PAR3 siRNA on [Ca 2ϩ ] i was used to control for nonspecific effects of siRNA treatment. Dose-response curves (Fig. 1C) of maximum peak height yielded the following EC 50 values and corresponding 95% confidence intervals: control ϭ 0.18 nM (0.04-0.8), siRNA PAR3 ϭ 0.13 nM (0.06-0.4), and siRNA PAR1 ϭ 1.5 nM (0.2-11.1). PAR3 knockdown showed no statistically significant difference in [Ca 2ϩ ] i , whereas PAR1 knockdown altered both thrombin potency and efficacy, thus indicating the efficacy of PAR1 siRNA treatment.
We next addressed the effects of PAR1 or PAR3 knockdown on endothelial barrier function. Thrombin-induced (1-100 nM) transendothelial electrical resistance (TER) was assayed in knockdown HPAECs. PAR1 knockdown showed virtually no responsiveness at 10 nM thrombin compared with controls, whereas PAR3 knockdown reduced the response by 50% (Fig.  1B) . Dose-response curves (Fig. 1D ) of the minimal-induced TER yielded the following EC 50 with 95% confidence intervals: control ϭ 5.5 nM (4.1-7.5), siRNA PAR3 ϭ 15.3 nM (8.0-29.4), and siRNA PAR1 ϭ 80.9 nM (38.8-169). PAR3 knockdown showed a modest difference in thrombin-induced endothelial barrier dysfunction, whereas PAR1 knockdown markedly altered both thrombin potency and efficacy.
PAR1 and PAR3 Form Constitutive Heterodimers. To address the mechanism of how down-regulation of PAR3 affects PAR1 signaling, we investigated interactions between PAR1 and PAR3 by using bioluminescent resonance energy transfer-2 (BRET 2 ) (12-15). Using BRET 2 PAR dimerization was assessed by transient expression of pairs of C-terminally tagged fusion proteins, one receptor tagged with Renilla luciferase (Rluc) and the other with modified GFP-2 (GFP 2 ), followed by the addition of the cell permeable luciferase substrate and subsequent measurement of emission ratio (510/410 nm). Specific receptor/ receptor interactions are characterized by a hyperbolic increase in BRET 2 signal as the ratio of receptor-GFP 2 to receptor-Rluc expression increases (16) . Nonspecific interactions, conversely, increase in direct proportion to the acceptor:donor ratio and give a linear increase in BRET 2 signal. We cotransfected human embryonic kidney (HEK)293T cells with a fixed amount of PAR1-Rluc cDNA (0.5 g) and increasing amounts (0.5, 1.0, 1.5, 2.0, and 2.5 g) of GABABR2-GFP 2 (as nonspecific control) or PAR1-GFP 2 cDNA. The BRET 2 signal and the GFP 2 /Rluc ratio were quantitatively determined as described in Materials and Methods.
The nonspecific signal from the PAR1-Rluc/GABABR2-GFP 2 interaction exhibited a small but linear increase, whereas PAR1-Rluc/PAR1-GFP 2 exhibited a substantial and hyperbolic increase in signal ( Fig. 2A) . Similar results were observed for the PAR1/3 heterodimer and PAR3/3 homodimer. Thus, the dimerization of PARs is highly specific and not the result per se of overexpression or saturation of the signal. To ensure the BRET 2 signal was originating from properly localized receptors, plasma membrane localization of PAR1-GFP 2 was determined by using standard fluorescent confocal microscopy (Fig. 2B) . The corresponding PAR1-Rluc was visualized in the same cells by immunohistochemistry by using a primary antibody against Rluc and a fluorescent-conjugated secondary antibody (Fig. 2C) . We observed that corresponding PAR3 constructs showed a similar subcellular localization (data not shown).
In addition to assessing PAR interactions, BRET 2 was used to determine the relative binding affinities between the different partners (16) . The rate at which the BRET 2 signal is saturated as the GFP 2 /Rluc ratio is increased depends on the relative binding affinities of the two molecules (16) . The value of the GFP 2 /Rluc ratio at 50% maximum NetBRET 2 , or BRET 50 is an estimate of the relative affinities of the receptors for each other and follows the K d value; i.e., a lower BRET 50 would indicate greater affinity. The following BRET 50 values with 95% confidence intervals were obtained from data in Fig. 2 A. PAR1/1 ϭ 0.093 (0.05-0.13), PAR3/3 ϭ 0.036 (0.001-0.071), and PAR1/ 3 ϭ 0.036 (0.032-0.039).
Effects of PAR1 Activation After Dimerization with PAR3. We next determined the effects of activation of PAR1 on its dimerization state with PAR3. We used thrombin as well as the PAR1-specific agonist peptide TFLLRNPNDK (TK). PAR1-Rluc was transiently coexpressed in HEK293T cells with either PAR1-GFP 2 or PAR3-GFP 2 at the optimal GFP 2 /Rluc ratio determined (as shown in Fig.  2 ). Cells were treated with 10 nM thrombin or 100 M TK, and the BRET 2 signal was immediately (time ϭ 0) measured or measured after 30 min. The BRET 2 signal was not initially affected by receptor activation induced by thrombin or TK for either PAR1/1 or PAR1/3. However, after 30 min, activation by thrombin produced 50% decrease in signal for both the PAR1/1 homodimer and PAR1/3 heterodimer. Importantly, 30-min activation with TK caused a decrease in signal only for the PAR1/3 heterodimer; PAR1/1 homodimer was unaffected (Fig. 3) .
PAR Dimer Constitution Regulates G Protein Selectivity. We next addressed the effects of receptor dimerization on G␣ q and G␣ 13 G protein selectivity by using receptors tagged with Rluc and G protein tagged with GFP 2 . Specific receptor dimer expression was accomplished by cotransfection of 0.5 g of PAR1-Rluc plasmid DNA into HEK293T cells with either 1.0 g of untagged PAR1 or untagged PAR3 plasmid DNA. Coexpression of the untagged form of either PAR1 or PAR3 with labeled PAR1 would ensure that the BRET 2 signal would originate only from the PAR1 subunit of the complex. GFP 2 -labeled G proteins were introduced by two methods of cotransfecting 1.0 g each of either (i) nontagged G␣-subunit, G␤ 1 tagged on the N terminus with GFP 2 (GFP 2 -G␤ 1 ) and nontagged G␥ 2 or (ii) internally tagged GFP 2 -G␣-subunit, nontagged G␤ 1 , and nontagged G␥ 2 .
When labeled on the N terminus, GFP 2 -G␤ 1 is fully capable of G protein-coupled receptor (GPCR) coupling and signaling (13) . In the case of the ␣ subunit of G␣ q and G␣ 13 , the GFP 2 cannot be attached at either terminus, because it interferes with GPCR coupling. Instead, the GFP moiety was incorporated internally. Following a precedent for G␣ q in which insertion between amino acids E119 and N120 yielded functional protein (17) , for G␣ 13 , GFP 2 was inserted between amino acids P130 and M131. All of the fluorescent G protein constructs were expressed in HEK293T cells and found to localize to the plasma membrane (data not shown).
Because the ability of GFP 2 -G␤ 1 to couple to receptors is highly dependent on the specific (G␣ q or G␣ 13 ) untagged G␣-subunit coexpressed (13) , in this set of experiments, the BRET 2 signal in the absence of expression of the corresponding nontagged G␣-subunit represents nonspecific binding. When GFP 2 -labeled G␣-subunits were used, nonspecific binding was determined by substitution of the GFP 2 -G␣ with GABABR2-GFP 2 . The BRET 2 signal from the receptor dimer/heterotrimeric G protein interaction was compared under basal and thrombin-induced activation conditions.
Interactions with G␣ q were first probed by using GFP 2 -␤ 1 . Fig.  4A Left shows a significant agonist-dependent increase in BRET 2 signal for the PAR1/1 homodimer interaction with G␣ q GFP 2 -␤ 1 ␥ 2 . The same trend was observed for the PAR1/3 heterodimer.
Interactions with G␣ 13 were then determined by using the same GFP 2 -␤ 1 system. When G␣ 13 GFP 2 -␤ 1 ␥ 2 was used (Fig. 4A  Right) , the PAR1/1 homodimer showed an agonist-induced increase similar to that observed for G␣ q . Strikingly, the PAR1/3 heterodimer showed a G␣ 13 interaction in nonstimulated cells (to the level seen in stimulated PAR1/1 homodimer), which also showed a further agonist-induced increase.
The G␣ q counterpart experiments using the GFP 2 -G␣ q ␤ 1 ␥ 2 G protein (Fig. 4B Left) yielded no significant agonist-induced changes for either the PAR1/1 or PAR1/3 dimer. However, the G␣ 13 counterpart experiments using the GFP 2 -G␣ 13 ␤ 1 ␥ 2 G protein (Fig. 4B Right) showed an agonist-induced change in BRET 2 signal only in the PAR1/3 heterodimer and not in the PAR1/1. The trend was opposite that observed where the GFP 2 was placed on the G␤ 1 subunit; i.e., here, an elevated BRET 2 signal was observed in nonstimulated cells, which decreased to nonspecific binding levels upon thrombin addition. Thus, PAR1/1 homodimer is capable of interacting with both G␣ q and G␣ 13 , whereas PAR1 interacting with PAR3 alters its G␣ 13 but not G␣ q binding conformation.
We next determined whether the cleavage of PAR3 in the heterodimer contributed to the thrombin-induced-changes in G␣ 13 binding conformation. Fig. 4B shows substitution of a thrombin-insensitive PAR3 mutant (T39P) (18) for the wild type had no effect. Thus, cleavage of PAR1 and not of PAR3 in the PAR1/3 heterodimer is sufficient to induce signal transduction.
Discussion
Our study focuses on the crucial role of PAR3 in regulating PAR1 function. We show that PAR1/3 heterodimers are formed constitutively and the activated dimeric complex induces distinct signaling involving the selective coupling to G␣ 13 as compared with the PAR1/1 homodimer. Importantly, PAR1 has the ability to form heterodimers with PAR3, indicating that this heterodimer is readily formed under physiological conditions. Our findings are based on a differential BRET 2 signal using different combinations of PAR1 and PAR3 as well as receptor dimers Fig. 3 . Effects of agonist-induced receptor activation on BRET 2 signal resulting from receptor dimerization. PAR1-Rluc was transiently coexpressed in HEK293T cells with either PAR1-GFP 2 or PAR3-GFP 2 , as indicated. Cells were stimulated with either 10 nM thrombin or 100 M TK, after which BRET 2 signal was determined immediately (time, 0 min), then again after 30 min. We report here differences between PAR1/1 and PAR1/3 dimer pairs in response to agonist peptide at 30 min, although we observed the same trend within 5 min after activation (data not shown). Each bar represents the average of at least three separate experiments performed in duplicate. Error bars represent Ϯ SEM. *** , P Ͻ 0.0001.
together with different combinations of G protein subtypes. In addition, we used PAR knockdown by siRNA in endothelial cells to demonstrate that PAR3 regulates PAR1-mediated increase in endothelial permeability such that the PAR1/3 heterodimer favors signaling through G␣ 13 to mediate the permeability response.
The role of PAR3 is of interest, because the function of this apparently nonsignaling receptor remains obscure (18) (19) (20) . The ability of PAR3 to generate intracellular signal also remains in doubt, because it lacks the cytoplasmic tail domain shown in other PARs to couple with G-proteins (18) . In mouse platelets, PAR3 was shown to function as a cofactor of PAR4 by presenting thrombin to low-affinity PAR4, thereby resulting in efficient receptor cleavage (21) . We show here that PAR3 directly interacts with PAR1 in endothelial cells to alter the PAR1/G␣ 13 binding conformation and thus induce activation of downstream signaling pathways distinct from activation of the PAR1/1 homodimer.
Several models of PAR trans-and coactivation have been proposed (11, (21) (22) (23) (24) (25) . Studies showed that platelet-specific PAR1/4 heterodimerization was responsible for thrombininduced platelet aggregation (26) . Our results using BRET 2 demonstrated that PAR1 and PAR3 form highly specific homoand heterodimer pairs in endothelial cells. The affinity of PAR1/3 interaction determined by BRET 50 was comparable to that of PAR1/1 homodimer. Thus, it is likely that a significant portion of PAR1 is complexed with PAR3 under physiological conditions in vascular endothelial cells.
A limitation in interpreting BRET data is that BRET relies on photon emission of Rluc as a catalytic byproduct of substrate hydrolysis. The weak BRET signal (compared with FRET) is difficult to detect microscopically. To circumvent this concern, we showed using confocal microscopy and immunohistochemistry that the receptor constructs used were indeed localized appropriately on the plasma membrane.
The ability of PAR1 and PAR3 to form homo-as well as heterodimers is likely due to their high sequence homology suggesting they share a conserved over-lapping dimerization interface. We demonstrated that dimerization pairing of PAR1 altered signaling; however, importantly, there was no evidence that PAR3 directly participated in either receptor dimer cleavage and activation or G protein activation.
The PAR1/3 heterodimer also showed differences in receptor desensitization compared with the PAR1/1 homodimer. TK stimulation had no effect on the PAR1/1 BRET signal but within 15-30 min caused a reduction in PAR1/3 signal. We infer from this finding that the differential effects of TK were due to differences in desensitization between the PAR1/1 and PAR1/3 dimer pairs. As activation of receptors by TK showed desensitization only in the presence of PAR3, this further supports our contention that the PAR1/3 heterodimer has a unique signaling property distinct from PAR1/1 homodimer.
We addressed the effects of PAR1/3 heterodimerization on PAR1 G protein specificity. We observed that PAR1/1 homodimers interacted with both G␣ q and G␣ 13 G proteins in an agonist-dependent manner. This finding is consistent with known interactions of PAR1 with G proteins (27, 28) . However, we observed G␣ q interactions using BRET 2 only when the GFP 2 label was placed on the G␤ 1 subunit. Given the geometric constraints of the assay, the GFP 2 expressed within the G␣-subunit may not have been within the 100-Å limitation for efficient energy transfer from the receptor. There were similar G␣ q interactions for the PAR1/3 heterodimer as the PAR1/1 homodimer, which we interpret to mean that dimerization with PAR3 has little effect on PAR1-mediated G␣ q activation. However, the presence of PAR3 in the receptor pair markedly increased the interaction of PAR1 with G␣ 13 . Probing for G␣ 13 interaction using the fluorescent G␤ 1 revealed that G␣ 13 bound with the PAR1/3 dimer in the basal state but not with PAR1/1 dimer. G␣ 13 coupling with PAR1/3 was further enhanced after stimulation with PAR1 agonist. In a related experiment using fluorescent G␣ 13 , we also showed that only the PAR1/3 heterodimer resulted in agonist-induced changes in Fig. 4 . PAR1 and PAR3 dimer composition is a determinant of agonistinduced changes in G protein coupling. PAR1-Rluc was transiently coexpressed in HEK293T cells with either nontagged PAR1 or nontagged PAR3, as indicated, to create specific receptor dimers. GFP 2 -labeled G proteins were introduced by expressing each subunit of the heterotrimer with either the G␤-subunit (A) or the G␣-subunit (B) tagged with GFP 2 . BRET 2 signal due to nonspecific binding (white bars) was determined in the absence of expression of the corresponding nontagged G␣-subunit (A) or by substitution of the corresponding GFP 2 -G␣ with GABABR2-GFP 2 (B). BRET 2 signal between receptor dimers and heterotrimeric G proteins under basal conditions (gray bars) was then compared with that under thrombin-induced activation (black bars). In B, a nontagged T39P, was also used where indicated. Each bar represents the average of at least three separate experiments performed in duplicate.
Error bars represent Ϯ SEM. * and ** , P Ͻ 0.05 and 0.01, respectively.
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2 signal and unexpectedly, this change was opposite in direction (i.e., elevated BRET 2 signal in nonstimulated cells which decreased upon thrombin exposure). The opposite trend in BRET 2 depended on which subunit of the G protein was labeled. Thus, our results suggest upon agonist activation, conformational changes in the G protein enabled rotation of the N terminus of G␤-subunit toward the C terminus of the receptor concomitant with a movement of the G␣-subunit away from the C terminus of the receptor.
Our data demonstrate precoupling of the inactive PAR1/3 heterodimer with G␣ 13 , which remains associated with the receptor heterodimer even after agonist activation of PAR1. This finding is consistent with studies of other GPCRs demonstrating unconventional receptor/G protein associations and kinetics (13) . However, our findings contradict observations made in other systems that did not find precoupling of G-proteins with the receptor (29) . We think that this discrepancy is likely due to different properties inherent in the G protein systems studied. Interestingly, precoupling to G␣ 13 was only observed for the PAR1/3 heterodimer, indicating that PAR1 achieves the unique G␣ 13 binding conformation only when PAR1 dimerized with PAR3.
The initial peak rise in thrombin-induced in [Ca 2ϩ ] i is attributed to release from intracellular Ca 2ϩ stores as the result of activation of G␣ q (30) . Knockdown of PAR3 in endothelial cells using siRNA had no effect on the peak Ca 2ϩ rise. This lack of effect suggests that PAR3 did not alter PAR1-G␣ q binding. PAR1 knockdown altered both thrombin potency of the Ca 2ϩ response, suggesting that thrombin signaling of the rise [Ca 2ϩ ] i was carried out primarily via the PAR1 subunit of the PAR1/3 heterodimer and formation of the heterodimer with PAR3 did not affect the PAR1-induced G␣ qmediated signaling.
The increase in endothelial permeability leading to vascular inflammation is the result of the integration of a network of signaling pathway dependent on G␣ q as well as G␣ 13 signaling (7) (8) (9) . Changes in the activation of one or the other or both G-proteins (G␣ q and G␣ 13 ) may affect the permeability response to thrombin. We observed that PAR1 knockdown markedly altered both thrombin's potency and efficacy, whereas PAR3 knockdown showed only a modest decrease in potency. These results demonstrate that thrombin signaling in endothelial cells is transmitted primarily by PAR1 cleavage but PAR1 interaction with PAR3 results in maximal activation of the PAR1-induced increase in endothelial permeability. The basis of this finding is that PAR3 dimerization with PAR1 changes the selectivity of PAR1 to G␣ 13 , and thereby enhances G␣ 13 -mediated signaling. Thus, PAR3 is a novel therapeutic target that may be useful in preventing vascular inflammation secondary increased endothelial permeability induced by thrombin.
Our data using a thrombin-insensitive mutant of PAR3 showed that cleavage of PAR1, and not of PAR3, in the PAR1/3 heterodimer complex is sufficient to induce signal transduction. These data support a pentameric complex formed from two GPCRs and one G protein, a model postulated for rhodopsin, the archetypal GPCR (31), and proposed for other GPCRs (32) . In the case of rhodopsin, one receptor molecule serves as the photon (ligand) acceptor whereas the second serves as a platform to support G protein binding. Our data support the model for PARs in which one receptor (PAR1) is activated, and serves as the thrombin substrate, whereas the second receptor (PAR3) serves as an allosteric modulator to mediate G protein selectivity (Fig. 5) .
In summary, we addressed regulation of endothelial cell signaling by PAR1/3 interaction and the crucial role of this interaction in determining G protein-coupling selectivity. We show an interaction of PAR3 with PAR1 that alters the PAR1/G␣ 13 binding conformation. PAR1/1 homodimer is capable of interaction with G␣ q and G␣ 13 , whereas PAR1/3 heterodimer favors the G␣ 13 binding conformation. PAR3 therefore functions as an important allosteric modulator of PAR1 signaling.
Materials and Methods
Reagents. All cell culture reagents were purchased from Invitrogen (Carlsbad, CA), except endothelial growth medium-2 (EBM-2), which was obtained from Clonetics (San Diego, CA). ␣-Thrombin was purchased from Enzyme Research (South Bend, IN). TK was purchased from GL Biochem (Shanghai, China) Mouse anti-Rluc monoclonal antibody was purchased from Chemicon International (Temecula, CA). Alexa Fluor 594 rabbit anti-mouse IgG (HϩL) was obtained from Molecular Probes (Eugene, OR). Human cDNA clones for PAR1, G␣ q , G␣ 13 , G␤1, and G␥2 in pcDNA3.1(ϩ) were purchased from University of Missouri cDNA Resource Center, University of Missouri (Rolla, MO). The BRET 2 donor/acceptor fusion protein vectors pRluc-N and pGFP 2 -N were obtained from PerkinElmer (Boston, MA). All DNA primers, LipofectAMINE, TRIzol, and SuperScript III RT reagents were obtained from Invitrogen. siRNA was purchased from Dharmacon (Lafayette, CO). SYBR green PCR Master mix was purchased from Applied Biosystems (Branchburg, NJ).
Cell Culture. HPAECs were purchased from Cambrex (East Rutherford, NJ). Cells were maintained in EBM-2 medium supplemented with 10% FBS in 5% CO 2 at 37°C. All of the studies used cells between passages 5-8. HEK293T were maintained in DMEM supplemented with 10% FBS and penicillin/streptomycin (5,000 units/ml; 5,000 g/ml) in 5% CO 2 at 37°C.
cDNA Constructs. PAR1 and PAR3 were subcloned by PCR amplification into both the pRluc-N1 and pGFP 2 -N1 vectors (PerkinElmer). GFP 2 was amplified by PCR then inserted into G␣ q in pcDNA3.1(ϩ) between amino acid E119 and N120. The final protein sequence reads: M1. . . E119-EFGG-GFP 2 -GGEL-N120. . . stop. GFP 2 in G␣ 13 in pcDNA3.1(ϩ) final protein sequence reads: M1. . . P130-EFGG-GFP 2 -GGEL-M131. . . stop. GFP 2 was amplified by PCR and subcloned upstream of G␤1 in pcDNA3.1(ϩ). A thrombin-insensitive mutant of PAR3 pcDNA3.1(ϩ) was generated by mutating threonine 39 to a proline (18) by a PCR-based protocol. All constructs were verified by sequence analysis.
Transfections. HEK293T were grown in six-well plates to Ϸ70% confluence. Between 0.5 and 2.5 g of each purified plasmid DNAs were incubated with 10 l of LipofectAMINE (Invitrogen) according to manufacturer's protocol. Cells were allowed to recover 48 h before experimentation. 
